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activation of this enzyme, reported by GUTMAN et al. 2 ' 3 . Although these authors state that thenoyltrifluoroacetone is without effect on the activation by NADH, their data (cf. Figs. 1 and 2 of ref. 3) show that, after 1 min, the rate of activation by NADH is inhibited by 50%. In view of the facts that thenoyltrifluoroacetone does not inhibit completely the flux of electrons between succinate dehydrogenase and the respiratory chain (see e. g. ref. 11 ) and that piericidin sufficient to inhibit 1 Sequence, active center, lipoamide dehydrogenase, enzyme
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The pyridine nucleotide-disulfide oxidoreductases, lipoamide dehydrogenase, thioredoxin reductase and glutathione reductase are catalytically similar flavoproteins characterized by the presence of a redox active cystine residue functioning together with the flavin in electron transfer [1] [2] [3] [4] . We have recently reported the structures of peptides containing the active center cystine isolated from E. coli lipoamide dehydrogenase and thioredoxin reductase and the latter structure has also been reported by THELANDER 5~8 . Enzymes of this group contain a single cystine and three or more cysteine residues. (There is some evidence to suggest that pig heart lipoamide dehydrogenase may contain a second disulfide 9 ; but our data indicate that this may be artifactual.) Provided certain precautions are observed in order to prevent thiol-disulfide interchange, the isolation of peptides containing the active site * This work was supported in part by Grant AM 09313 from the National Institute of Arthritis and Metabolic Diseases. U.S.P.H.S.
cystine presents no problems. In the present communication, we report on the structure of an analogous peptide from pig heart lipoamide dehydrogenase and discuss some of the implications of these structures.
Pig heart lipoamide dehydrogenase is made up of two polypetide chains (identical or near identical 6 ) with two moles of FAD tightly bound. The molecular weight is 102,000. Each polypeptide chain contains 10 half-cystines (cystine plus cysteine) determined as cysteic acid following oxidation by dimethyl sulfoxide 10 . The measurement of free thiols in the presence of 5 M guanidine hydrochloride using fresh enzyme indicates the presence of 7 cysteines, 6.9 in repeated titrations with 5,5'-dithiobis-(2-nitro-benzoic acid) and 6.4 -6.9 by reaction with iodoacetate and measurement of S-carboxymethylcysteine after hydrolysis. Thus the 7 cysteines plus the active center cystine do not account for the 10
Pig heart E. coli
The following observations were made 6 concerning the peptide isolated from the E. coli enzyme and are equally valid for this very similar peptide from the pig heart enzyme. The fact that only four amino acid residues are interposed between the two half-cystines makes it quite likely that the polypeptide chain assumes a rather flat conformation in this region. It should also be noted that most of the residues in this region are hydrophobic. It is tempting to speculate that the flat isoalloxazine portion of the FAD is bound to this flat portion of the polypeptide chain providing many possible sites of hydrophobic interaction. It has been previously suggested on the basis of the highly resolved spectrum of this enzyme that the flavin is bound in a hydrophobic region n . It has also been shown that there is a very close chcmical interaction between the FAD and the disulfide during catalysis 1 , thus necessitating the very close spatial juxtaposition. This half-cystines. At present our data do not permit us to distinguish between the several possible explanations of this anomaly.
The methods used in the isolation of the pig heart lipoamide dehydrogenase cystine peptide were essentially the same as those used previously [5] [6] [7] and reflect the need to prevent thiol-disulfide interchange: reaction of the free thiols with maleimide; digestion with pepsin; and purification first on Sephadex G-25 and then by ion-exchange chromatography. The subtractive-Edman procedure was used for sequencing.
The sequence of the cystine containing peptide from pig heart lipoamide dehydrogenase is given below, together with the previously determined sequence of the analogous peptide from the E. coli enzyme 6 aligned so as to display maximum homology.
hydrophobic region must also be involved in the binding of the substrate, lipoamide.
Nine of 11 overlapping residues are identical. This is the longest homology thus far reported for analogous peptides isolated from enzymes of a prokaryote and eukaryotic mitrochondria. Thus this portion of the polypeptide chain has been rigidly conserved during the long period of evolution subsequent to the divergence of these two species from a presumed common ancestor. This rigid conservation is perhaps not surprising given the rather demanding catalytic requirements for close interaction, initially between lipoamide (covalently bound to the transacetylase) and the redox active disulfide; then between the disulfide and the flavin; and finally between the FAD-thiol complex and the pyridine nucleotide which may also be protein bound.
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